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Abstract 
Finding Missing American Airmen: Using GIS for Mapping World War II Aircraft Crash 
Locations in Papua and New Guinea 
by 
Abdulelah A. Aljudibi 
Searching for historical locations, most of the time, requires the search for related 
information in many documents. The Defense POW/MIA Accounting Agency (DPAA) 
works to locate War World II (WWII) aircraft wreckage locations in order to find and 
bring home United States missing in action (MIA) soldiers’ remains. The DPAA has 
historical documents included tables and maps that provide information about WWII 
aircraft crash locations in Papua and New Guinea. Use of the documents is limited 
because they are in a portable document format (PDF) file, which does not allow users to 
interactively compare the data with other related datasets. Also, working with such 
documents require more resources and takes more time. Implementing a geographical 
information system (GIS) was the solution to bring the data into a reliable format that 
solved the addressed problems. A geodatabase within ArcGIS Desktop was built which 
allows users to query the data and view them in an interactive map. The new system 
allows the DPAA to add different datasets and compare them all together in one map. 
This project also provides analytical maps that may help the DPAA to plan for search and 
recovery missions as well as map series to be used in the field. 
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Chapter 1  – Introduction 
Historical documents are often rich with valuable data. However, it is difficult to fully 
benefit from them as they cannot be moved from one place to another without damaging 
them. They are also limited in how they can be used to extract the data. Therefore, the 
Defense POW/MIA Accounting Agency (DPAA) wanted the data in these documents to 
be converted to a reliable form that can be accessed remotely and interactively 
manipulated to support their mission. Implementing a geographic information system 
(GIS) will support the DPAA’s need to more fully use the data. 
1.1 Client 
The Defense POW/MIA Accounting Agency (DPAA) was founded by the Department of 
Defense on January 30, 2015, to be responsible for the search, recovery, and accounting 
of missing service members from past conflicts. The DPAA’s research and operational 
missions include collaboration with other countries around the world. Their objective is 
to inform the families of missing in action service members and the US government how 
and where their personnel were lost (Defense POW/MIA Accounting Agency, n.d.). The 
DPAA vision is to carry out the United States government’s obligation by “maximizing 
the number of missing personnel accounted for while ensuring timely, accurate 
information is provided to their families” (Defense POW/MIA Accounting Agency, n.d.). 
Mr. Anthony Hewitt was the point of contact for this project and he provided the primary 
data that were used for creating the database. 
1.2 Problem Statement 
The client has historical documents that contain data of aircraft wreckage locations in 
Papua and New Guinea from World War II (WWII) in a portable document format (PDF) 
file. The documents also included 13 maps. These documents are of limited use for 
several reasons. First, the search for a record takes a long time due to the fact it is done 
manually and the records extend to several pages. Figure 1-1 shows a portion of the 
records. 
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Figure 1-1: A Portion of the Historical Records. 
Second, finding the corresponding data to this record— such as country name, province 
name, or town name—may require searching external datasets. Third, locating a point 
that represents an aircraft wreckage location in the maps is very difficult because there 
are many locations that are close to one another, as well as many overlapping locations 
(Figure 1-2). 
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Figure 1-2: Historical Map 
Additionally, the inability to conduct spatial analyses on the data and compare them to 
other datasets is a great reason that this problem needs to be solved. 
1.3 Proposed Solution 
To solve these problems for the DPAA, the contents of these historical documents needed 
to be converted into a GIS platform. The solution allowed active interaction with the data 
since they were stored in a geodatabase. The geodatabase allowed storing spatial data and 
allowed conducting spatial analyses on them as they were mapped in the system. The 
records were stored in tables that allowed automated search for records. 
1.3.1 Goals and Objectives 
The project goals were to convert the historical data from a PDF format to a GIS format. 
In addition, designing and producing a series of maps that show the data is required. The 
project involved designing and creating a geodatabase, converting photos of historic 
tabular data into a GIS attribute tables to be stored in the geodatabase, creating a feature 
class to store the locations of the aircraft wreckage presented as points in maps, and to 
design and produce a map series to show the locations of aircraft wreckage. 
By December of 2016, the three following project objectives were completed. First, a 
file geodatabase to store the feature class of the aircraft wreckage locations. The 
geodatabase design allowed users to differentiate country of origin and type of aircraft. 
Second, a point feature class showing the locations of aircraft wreckage was achieved by 
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converting the historic tabular data from the PDF file. Third, producing a map series to 
show the locations of the aircraft wreckage categorized by country of origin. 
Achieving these objectives allowed the user to conduct different analyses on the 
data, one of which was a point density analysis to locate the concentrated areas of 
wrecks. 
1.3.2 Scope 
To meet the client’s requirements, a project was developed to convert historical data into 
a GIS platform. The project included converting historic tabular data about missing 
aircraft wreckage in Papua and New Guinea from static images in a PDF file into GIS 
feature classes and tables. The process included the use of the following software: Adobe 
Acrobat, Microsoft Excel, and ArcGIS 10.3.1. A file geodatabase was designed and built 
to store the newly created feature classes and tables using ArcCatalog. The database 
would organize and relate the different feature classes and tables together for easier, 
faster data retrieval. Having the data in ArcGIS format allowed conducting analyses on 
them. Moreover, a series of maps of the data were designed and produced using ArcMap. 
Some of these maps represent the locations of the aircraft wreckage, and others show 
analyses on them. 
1.3.3 Methods 
This section discusses the methods that were used to accomplish the different 
components of the project. These components were divided into four phases. 
Phase 1- Planning: The client’s requirements were identified and implemented in 
the planning phase. The data were collected, including a PDF file that contained 
the client’s historic tabular data of aircraft wreckage locations in Papua and New 
Guinea from WWII. A polygon shape file of the boundaries of the study area was 
acquired from GADM.org. 
Phase 2- Data conversion: The data in the PDF file were converted into Excel 
format files in order to create a point feature class. Adobe Acrobat was used to 
convert the tabular data from images to text using the optical character 
recognition (OCR) capability.  The records from the tables were moved manually 
by copying and pasting them into an Excel file. Next, ArcMap was used to 
convert the data from Excel to GIS format using the Add XY Data tool. A point 
shape file was created from these data. In addition, to install ArcGIS Desktop, the 
computer operating system had to be Windows. 
Phase 3- Database Design and Development: A file geodatabase was developed 
using ArcCatalog. The database was designed to allow the user to distinguish 
aircraft type and country of origin. A point feature class was created and the data 
from the shape file were loaded to it. A polygon feature class of the study area 
was also created. Other tables were created to store non-spatial data: country of 
origin and aircraft general information. All the components of the database were 
related to each other using database relationships. 
Phase 4- Map Design and Production: This component involved the design and 
production of a series of maps using ArcMap. Some of these maps show the 
locations of aircraft wreckage in Papua and New Guinea presented as points. 
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1.4 Audience 
The intended audience for this report includes individuals with little to no GIS 
experience. The report provides methods to migrate data from PDF files to ArcGIS and 
how to build a geodatabase within ArcCatalog, which can be helpful for those who are 
new to these tools. 
1.5 Overview of the Rest of this Report 
The report consists of seven chapters. Chapter 2 discusses the background and literature 
review. It provides background information about the project’s topic. It also addresses 
case studies about similar topics within the field of GIS. 
 Chapter 3 addresses the system analysis and design. It includes the problem 
statement, functional and non-functional requirements, technical requirements, system 
design, and the project plan. The system design describes the components used to 
complete the project. 
 Chapter 4 illustrates the geodatabase design. Additionally, it addresses the data 
sources, data collection methods, data scrubbing and loading. In the data scrubbing and 
loading, it discusses in detail all the issues encountered with the data preparation. 
 Chapter 5 demonstrates how the different parts and analyses of the project were 
implemented. Chapter 6 discusses the results of the analyses. Chapter 7 provides the 
conclusion for this project, and it lists suggested future work. 
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Chapter 2  – Background and Literature Review 
GIS is very useful in visualizing, analyzing, and manipulating spatial data. It facilitates 
further understanding of the data, and helps to find patterns and trends that contribute to 
decision-making. This chapter addresses a background of research on casualties from 
World War II (WWII) and the efforts to bring their remains home (section 2.1). Aviation 
Archaeology (section 2.2) discusses what is involved in recovering aircraft wreckage. 
GIS and spatial analyses address the capability of GIS dealing with spatial data (section 
2.3). A summary provides the outcome from the literature review (section 2.4). 
2.1 Background 
Wars have always caused the loss of thousands of lives. During WWII alone, the United 
States  lost more than 400,000 lives, and about 79,000 Americans remained unaccounted 
for when the war ended (Defense POW/MIA Accounting Agency, n.d.) Unaccounted for 
is a general term used to refer to those who were listed as Prisoner of War (POW), 
Missing in Action (MIA), killed in Action-Body Not Recovered, or Presumptive Finding 
of Death (Henning, 2006). From 1945 to 1951, more than 280,000 dead were identified 
and brought home for a proper burial within a program called The Return of the World 
War II Dead Program (Vento, 2012). This program ended in 1951, but efforts continued 
and by 2003, 546 more missing Americans were found and identified according to the 
Defense Prisoner of War/Missing Personnel Office (DPMO) as cited in The Missing in 
Action (MIA) of World War II by Vento (2012). Two hundred out of the 546 were found 
between the years from 1951 and 1976 primarily because of citizens’ reports that 
contained evidence of American remains. The remaining 346 were found between 1976 
to 2003 by the Army Central Intelligence Lab, that was charged with recovering WWII 
remains. According to the Defense POW/MIA Accounting Agency (DPAA) the 
unaccounted-for Americans from WWII, as of today, are more than 73,000 (Defense 
POW/MIA Accounting Agency, n.d.). The DPAA is still searching for over 3000 missing 
American servicemen lost in the defense of Papua and New Guinea during World War II 
(Port Moresby. Papua New Guinea - Embassy of The United States, 2016). According to 
the Royal Australian Air Force survey of aircraft wreckage in Papua and New Guinea, 
there were 455 US aircraft crash locations (1961). This indicates that there would be at 
least 455 airmen’s remains to be recovered. 
2.2 Aviation Archaeology 
The search for and recovery of aircraft wrecks has been conducted by the US government 
for decades. The purpose of finding these wrecks is to gather information about the 
missing service members from WWII and other past conflicts and provide them to the 
deceased’s families, as well as to moving their remains back to home to be reinterred. 
According to Bruce D. Callander, “finding remains of lost servicemen is a combination 
of science, detective work, and archeology” (2005, p. 69). For example, Project 
RECOVER uses the most advanced oceanographic technology combined with advanced 
archival research methods to find downed aircraft underwater. They collect and study 
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data on currents around a crash location to find out where the currents had possibly 
moved the aircraft. Then they use technologies such as scanning sonar, thermal cameras, 
and underwater robotics to locate the vessels (Dickerson, 2014). 
It takes a long time to find the crash site and recover it because “knowing that an airplane 
went down, and finding the actual crash site, are two different things” (Callander, 2005, 
p. 68). The process of finding a crash site involves several steps according to Chief of the 
Missing Persons Branch, Jim Russell (Callander, 2005). The first step is gathering 
information from documents which may not have enough information to lead to the exact 
location of a crash site. The second step is investigating in the country where the aircraft 
crashed. The last step is an archeological operation to excavate a crash site. In addition, 
finding a crash site depends on the nature of the search area. For instance, many wreck 
locations in Papua and New Guinea are in high mountains and heavy jungles (Figure 2-
1). Therefore, wrecks can be covered by big bushes and trees or scattered behind 
mountain cliffs which blocks vision and as a result, it becomes a difficult task to recover 
the wrecks. 
 
Figure 2-1: Wreck Locations. 
2.3 GIS and spatial analyses 
A geographic information system (GIS) is a useful technology for making decisions that 
are related to locations. “GIS is a system of hardware, software and procedures designed 
to support geographical decision-making through the acquisition, management, 
manipulation, analysis and display of spatially referenced information” (Church and 
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Murray, as cited in Advances in Location Modeling: GIS Linkages and Contributions, 
2010). Moreover, GIS provides the ability to represent spatial locations accompanied by 
attribution of these locations (Murray, 2010) With this quality, GIS provides a variety of 
geoprocessing tools. “This begins with data collection (digitizing/editing) and load or 
transfer, integration, storage and management, proceeds through data maintenance, and 
ends with data query, analysis, and visualization/mapping” (Maguire, Batty, & 
Goodchild, 2005, p. 22) The capacity of GIS, especially spatial analysis, plays a big role 
in minimizing the time and effort to locate aircraft wrecks by applying different analyses 
on the data. 
Representing aircraft wreck locations as points in GIS would show different patterns 
that can provide a further understanding of the spatial relationship of them. It would also 
allow for conducting different analyses on the data. Deciding on the analysis type 
depends on the question(s) asked or the problem that needs to be solved. For instance, a 
case study was conducted by Esri (2016a) to analyze violent crimes. The question was to 
determine if there is a relationship between violent crime and liquor establishment 
locations. The data were point layers for both the crime locations and the liquor 
establishment locations. Hot spot analyses were conducted on each of the layers, and the 
hot spot locations were compared to decide whether there was or there was not a 
correlation between the crimes and the liquor establishment locations. The result for each 
of the layers showed different hot spot locations which indicated that the crime locations 
are not correlated to the liquor establishment locations (Figure 2-2). 
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Figure 2-2: Hot spots Analyses. 
Another case study by Esri (2016b) showed tornado data in the United States. One 
question was to find how many tornadoes occurred in each state. The approach taken was 
aggregating tornadoes data to the states data. This was done by using Spatial Join tool. 
The result of this analysis added a field in the output feature class containing the count of 
the tornadoes in each state. The field was then used to symbolize the state data by giving 
them a color range where dark colors represent high numbers of tornadoes and light 
colors represent lower numbers of tornadoes (Figure 2-3). 
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Figure 2-3: Choropleth Map. 
Furthermore, applying density analysis on the data would visually highlight these 
patterns. According to Krause, “one of the most common uses of the Kernel Density and 
Point Density tools is to smooth out the information represented by a collection of points 
in a way that is more visually pleasing and understandable” (2013, pg. 2). Determining 
the most concentrated areas to plan for search and recovery missions increases the 
likelihood of finding wreckage sites due to the fact that the probability of finding one 
location among many other locations is higher than finding one discrete location. 
Terrain can be an influencing factor in determining the locations of wreckage sites. 
According to Shilpi Jain (2015), 
Terrain plays an important role while calculating the impact of an accident, whether 
it is a car crash, an airplane crash, or any other. Different angles and directions of 
terrain can result in very different debris area even if all the other parameters are 
[the] same. (p.6)  
Jain improved a mobile application that was developed by Janzen in 2012, Crash Site 
Debris Recovery Mobile Application (CSDRMA), to include the influence of terrain. 
While in his case the CSDRMA would help to find all debris, terrain data, if added to this 
project, could assist in locating the cockpit to search for human remains. 
2.4 Summary 
The purpose of this chapter was to review previous works and to gather information 
about the problem and how to solve it. It discussed the efforts involved in aviation 
archaeology and how it can be used to locate and recover aircraft wreckage. It also 
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addressed how GIS can be a useful tool for representing the data of such a project and 
applying different analyses to them to gain a more complete understanding to make the 
best decisions. 
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Chapter 3  – Systems Analysis and Design 
3.1 Problem Statement 
The Defense POW/MIA Accounting Agency work relies on extracting information from 
different data sources. The primary data sources used in this project was historical 
documents created in 1961 which contain information about aircraft wreckage locations 
in Papua and New Guinea from WWII. These documents were in a PDF file which 
limited their use for several reasons. First, extracting a piece of information about a 
wreck location takes a long time because it requires looking through approximately 800 
rows of records manually. Second, finding corresponding data to a specific record may 
require searching external datasets. Third, a PDF lacks the ability to visualize spatial data 
in an interactive way and does not allow spatial analyses on them. 
3.2 Requirements Analysis 
A requirements analysis describes in detail the requirements a project needs to achieve its 
goal. These requirements are divided into functional and non-functional requirements. 
The functional requirements describe what the final product or the system will do; the 
non-functional requirements describe how the system does it. Defining these 
requirements ensures a system design that meets the client’s needs. 
3.2.1 Functional Requirements 
The functional requirements defined what functions the system must provide for this 
project.  
• The system must allow the user to store and add different feature classes and 
tables and relate them to one another in one place. The capacity of the file 
geodatabase had to be sufficient for the intended work. Storing all the feature 
classes and tables in one place allows faster retrieval of the data. 
• The system should enable the user to select features by attribute. For instance, the 
attribute contains a field that stores aircraft names and the user only wants to 
select all the aircraft named Anson; using this functionality will allow selecting 
them all automatically. Selecting aircraft by country of origin and type of aircraft 
are parts of attribute selection. However, it needed to be stated separately because 
the client required them specifically. Thus, separate fields were created for them 
to achieve that. 
• Select by location allows selecting features from one layer based on where they 
lie on another layer. For example, the user wants to select all the aircraft located 
at Moresby area; the function will allow selecting them based on the spatial 
relationship between the aircraft location layer and the area layer. 
• The geodatabase shall allow the user to edit, add, and delete an entry because the 
work on finding the wrecks locations is still ongoing. Therefore, updating an 
attribute, such as the status of a wreck location whether it is recovered or not, 
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needs to be updatable. Furthermore, spatial analyses may result in the creation of 
new feature classes, so the system must allow the addition of derived data. 
The system shall allow map design and creation. The client required a series of maps to 
be designed and produced. Therefore, the system shall provide the ability to design maps 
and provide the necessary tools, such as scale bar, legend, north arrow, etc. Also, the 
system shall allow exporting these maps to PDF files for sharing purposes or printing. 
3.2.2 Non-functional Requirements 
Non-functional requirements define measures to be used to assess how a system operates. 
• Efficiency of the system: The system should take minimal time, effort, and 
resources to create the solution within one minute. 
• Scalability of the system: The system can take a varying amount of data, which 
means that it can hold a much larger amount of data than the ones already loaded. 
3.2.3 Technical Requirements 
The technical requirements needed to produce the solution for this project consisted of 
hardware and software. These requirements were a computer run on Windows operating 
system with at least the minimum specs to operate ArcGIS for Desktop 10.3.1. ArcGIS 
for Desktop included ArcMap and ArcCatalog, which were the two main software 
packages used to develop the solution. Adobe Acrobat and Microsoft Excel were needed 
in the data migrating phase. 
3.3 System Design 
The system components were classified into three general parts, shown in Figure 3-1: 
input, process, and output. Input illustrates the data components. Process illustrates the 
software and methods used to produce the final products. Output illustrates the final 
products of the project. 
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Figure 3-1: System Design. 
The input component is the data acquired for the project, which are images of tabular 
data and a shapefile for the study area. The images of tabular data were provided by the 
client in a PDF file which contained 14 tables of approximately 800 rows. Each row 
contained information about an aircraft’s location, as well as aircraft name, type, and 
serial number. The shapefile represented the study area as polygons. It was acquired from 
gadm.org, a website that provides data of administrative areas of the world. 
The process component consisted of the software and the file geodatabase used to 
process the data. The software that were used were Adobe Acrobat and Microsoft Excel 
to prepare the data from the PDF file to migrate them to ArcMap. ArcCatalog was used to 
build the file geodatabase and create the feature classes and non-spatial tables. ArcMap 
was used to process the data and run analyses on them to produce the final products. 
The output component consisted of the final products that were developed using the 
previous two components: a series of maps that cover the study area and show the aircraft 
wrecks locations; and analytical maps that show the results of the analyses conducted on 
the data. 
3.4 Project Plan 
This section presents the plan that was taken to accomplish the objectives of the project 
(see Table 2). Each task was given an estimated time to accomplish it. Three milestones 
were set to the project to track its progress. These milestones were the data converted and 
ready in Excel format, the file geodatabase including the feature classes and tables are 
created and reviewed, and the map series produced. 
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§ Phase 1: Planning. The estimated time for this phase was two months. This phase 
determined the needs for proceeding with the work of the project. It included 
reviewing the client’s requirements to decide what requirements this project 
would need and how long each task would take. 
§ Phase 2: Data conversion. The estimated time for this phase was two months. This 
phase included two tasks. The first one was converting the data from PDF file into 
Microsoft Excel. The second one was importing the data from Excel to ArcMap. 
§ Phase 3: Database design and development. This phase was estimated to be done 
in two months. It included the conceptual design of the database, the logical 
design, and developing it in ArcCatalog. 
§ Phase 4: Data loading and testing. This phase was estimated to take one month 
and followed the data conversion and the database development. It involved 
importing the data into the file geodatabase, then testing whether the database met 
the client’s criteria. If not, it would be redeveloped to meet them. 
§ Phase 5: Map design and production. This phase was estimated to be finished in 
one month. It included designing and producing a series of maps. 
§ Phase 6: Completion of project. This phase was estimated to take two months. It 
included reviewing and delivering the project to the client, as well as finishing the 
project report and submitting it to the MS GIS department. 
 
Table 3-1: Project Plan 
WBS Task Title Duration Start Date 
End 
Date 
Budgeted 
Hours 
1 Planning Phase 2 Months 2/25/16 4/25/16 105 
1.1 Confirm project scope and work plan 28 days 2/25/16 4/5/16 84 
1.2 Data Evaluation 7 days 4/6/16 4/25/16 21 
2 Data Conversion 2 Months 4/26/16 6/27/16 126 
2.1 Convert from PDF to Excel 40 days 4/26/16 6/23/16 120 
2.2 Import Excel to ArcMap 2 days 6/24/16 6/27/16 6 
3 Database Design and Developing 2 Months 6/28/16 8/26/16 132 
3.1 Conceptual data model 8 days 6/28/16 7/7/16 24 
3.2 Logical data model 10 days 7/8/16 7/21/16 30 
3.3 Develop the database in ArcCatalog 26 days 7/22/16 8/26/16 78 
4 Data Loading and Testing 1 Months 8/29/16 9/30/16 66 
4.1 data loading to geodatabase 5 days 8/29/16 9/2/16 15 
4.2 Test the geodatabase 17 days 9/5/16 9/30/16 51 
5 Map Designing and Production 1 Months 10/3/16 10/31/16 66 
6 Completion of Project 2 Months 11/1/16 12/10/16 32 
6.1 Deliver the project to the client and to MS GIS Department 32 days 11/1/16 12/10/16 32 
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3.5 Summary 
This chapter presented the problem statement, requirements analysis, system design, and 
project plan. The project problem was restated in the problem statement. The 
requirements analysis included the system functional and non-functional requirements, as 
well as the technical requirements for the project. The system design included three 
components: input, process, and output. The input contained the acquired data needed for 
the project. The process discussed the software used to build the new system and what 
software would be used for what part of the project. The output defined the final products 
of the project, which are a series of maps of aircraft wrecks locations and analytical 
maps. 
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Chapter 4  – Database Design 
This chapter discusses the database design, which involved creating the conceptual and 
logical data models. These models help the users understand the different entities of the 
database and the relationships between them. Furthermore, it addresses where the data 
were obtained and how they were collected. Lastly, it discusses data preparation needed 
before loading them into the database. 
4.1 Conceptual Data Model 
The conceptual data model provides a high-level understanding of the different entities of 
the data and the relationships between them. Figure 4-1 shows the conceptual data model 
of the geodatabase that was designed to solve the DPAA’s problem. 
 
Figure 4-1: Conceptual data model. 
The database was comprised of two types of entities: feature classes, and non-spatial 
tables. The feature classes are Aircraft Locations and Area. Aircraft Locations is a point 
feature class that shows the locations of the aircraft wrecks, whereas the Area is a 
polygon feature class that shows the administrative areas in which aircraft wrecks are 
located. Aircraft General Information, Country of Origin, and Historical Maps are non-
spatial tables that contain additional related information of the features about the Aircraft 
Locations. The data they hold were created in tables separate from the Aircraft Locations 
feature class to normalize the database. Furthermore, the relationship between Aircraft 
Locations and other entities is one to many, which means that, for instance, more than 
one aircraft wreckage can be located in one area, as well as many aircraft can belong to 
one country, and so on with the rest of the entities. 
4.2 Logical Data Model 
The logical data model adds to the conceptual data model by providing additional 
information about the entities in the database, including the field name for each entity and 
20 
the type of each field. Moreover, it shows the primary and foreign keys used to relate 
each entity with another. Figure 4-2 lays out the logical model for this project. 
 
 
Figure 4-2: Logical data model. 
The main feature class for the project is Aircraft Locations, which is why all the 
other entities are related to it. Country of Origin is associated with Aircraft Locations 
using the primary key Abbreviation in Country of Origin and the foreign key 
“Military_Acronym” in Aircraft Locations. The abbreviation and “Military_Acronym” 
fields contain military force names abbreviations such as RAAF, USAC, and RNZAF. 
They are used to indicate which aircraft wreckage belongs to which country by 
identifying it. The area is associated with Aircraft Locations using the primary key 
“ObjectID” and the foreign key “FID_Area.” This association allows the user to look up 
the name of the country, province, and town where an aircraft wreckage is located. 
Aircraft General Information contains data about the aircraft manufacturer, types, and 
engines, as well as the military purpose and other identification fields. “Aircraft_Name” 
primary and foreign keys were used to associate the Aircraft General Information and 
Aircraft Locations to each other. Historical Maps contains images (raster data) of 
historical maps that show the locations of the aircraft wreckages. It was suggested to the 
client that the historical maps be added to the geodatabase in case the users needed to 
extract some information from them. “Map_Ref_Sheet” primary and foreign keys were 
used to associate the Historical Maps and the Aircraft Locations to each other. 
4.3 Data Sources 
The data used in this project were obtained from the Defense POW/MIA Accounting 
Agency (DPAA) and GADM.org. The Aircraft Locations, Aircraft General Information, 
and Historical Maps feature class and tables were created from the PDF file provided by 
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the client. The PDF file is a survey of aircraft wreckage locations in Papua and New 
Guinea that was conducted by the Royal Australian Air Force (RAAF). The data in this 
survey were compiled from all the available records at Department of Air Canberra and is 
based on reports from searches that were conducted during WWII until 1961 (Royal 
Australian Air Force, 1961). The client provided GADM’s website link where a shapefile 
of the whole world administrative areas was downloaded; then a feature class that covers 
the study area was derived from that shapefile. The Country of Origin table was created 
to store and relate country names to the associated military force abbreviations. 
4.4 Data Scrubbing and Loading 
The data for this project needed a great deal of preparation before they were ready for 
loading into the geodatabase. The data preparation involved two stages: converting the 
data from PDF file into Microsoft Excel, and importing them from Excel to ArcMap. 
The PDF file included tables that contain records of approximately 800 aircraft 
wreckages (Figure 4-3). 
 
 
Figure 4-3: Historical data sample. 
These records had to be converted into Excel format in order to move them to ArcMap. 
Since the data were static images, the use of optical character recognition (OCR) tool was 
necessary. The OCR tool within Adobe Acrobat was used to convert the data to text so 
they could be exported to an Excel file automatically from Adobe Acrobat. 
Unfortunately, the exporting result was not usable (Figure 4-4). Thus, the records had to 
be moved manually by copying them from the PDF file and pasting them into an Excel 
file. 
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Figure 4-4: Unusable data. 
To further illustrate the issue of the automation exporting, a portion from the original 
documents (scanned image from the PDF file), the result from the automated export in 
Excel, and the result from the manually exported Excel are presented next to one another 
Figure (4-5). 
 
Figure 4-5: A Portion of three data versions. 
The same rows were captured in the three photos shown above. There were several issues 
with the automated export. First, it failed to keep the data organized. It can be noticed 
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when comparing the original document’s photo with the automated export’s photo that 
they do not present the same texts even though they were captured to present the same 
rows. Second, when the data were exported to the Excel sheet, some of the letters were 
incorrectly recognized, such as the “f” in “beaufighter” that was exported as “1”. On the 
other hand, the manually exported data were the same as the original document data 
because they were controlled when they were moved to the Excel sheet.  
As shown in Figure 4-3, the tables contained six columns: “Serial No.,” “Map Ref 
Sheet,” “Lat.Long.,” Area, Aircraft Identification, and Remarks. “Serial No.” gave a 
unique number to every record so they could be easily distinguished from one another. 
The PDF file had 13 maps, numbered from one to 13, that showed the records as points; 
the “Map Ref Sheet” defined on which map each record was presented. The “Lat.Long.” 
column gave the X and Y coordinates for each point, which represent the aircraft 
wreckage locations. The latitude and longitude were separated into two different columns 
when they were moved to the Excel file to have them ready to be imported to ArcMap. 
The Area column provided the name of the area where a wreck is located. The provided 
names in this column could be a name of a province, a town, or simply a vague piece of 
information such as “In sea.” The Area column was considered problematic for users who 
are not familiar with the study area. Therefore, in the geodatabase, the Area feature class 
attribute table was set to have a separate field for provinces and towns so to be easier to 
distinguish provinces from towns. Aircraft Identification column involved distinct data 
such as an acronym for the military force name which an aircraft belongs to, aircraft 
name, aircraft designation code, and aircraft serial number. Each of these distinct data 
was placed in a separate column after they were moved to the Excel file to normalize the 
data. Figure 4-4 shows the columns before and after the separation in the Excel file. 
 
 
Figure 4-6: Aircraft Identification columns. 
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It was also crucial to separate them to meet the client’s requirement to have the ability to 
view the aircraft by their designation codes. In addition, aircraft names had to be in 
separate field to use them to relate the feature class Aircraft Locations to the table 
Aircraft General Information. The column Remarks contained descriptive information 
about the locations of the wreckage or the status of the wreckage such as that the aircraft 
wreckage is located on mountain ridge at 10,000 feet, wreckage was recovered, and 
wreckage was not recovered. 
Following moving the data from the PDF file, it was time to import them to ArcMap. 
The Add XY data method was used to import the data to ArcMap. Esri’s base map was 
added to see if the points were located where they were supposed to, but unfortunately, 
they were not at the correct place (Figure 4-5). 
 
 
Figure 4-7: Wrong locations of the data. 
Two issues were found with the latitude and longitude. First, they were in degrees, 
minutes, and seconds format, yet they were written as if they were decimal degrees. 
Second, the latitude values were positive even though the study area was south the 
equator. Consequently, the two issues were edited back in the Excel file and the data 
were imported to ArcMap again. Another issue was found with some of the aircraft 
wreckage locations, which occurred during the separation and conversion of their 
coordinates from degrees-minutes format into decimal-degrees format in the Excel file. 
When separating the degrees and minutes into two separated columns, the minutes’ 
values that were for example, 10, 20, or 40 were written 1, 2, or 4 instead of the correct 
values, which caused having incorrect decimal-degrees values after the conversion 
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occurred. This problem happened because the degrees-minutes values were written as if 
they were decimal-degrees values and when the separation occurred the system omitted 
the zero on the right because it does not have a value in that format. 
The shapefile Area, which was acquired from GADM.org, needed scrubbing. 
Initially, the administrative areas of the world were deleted except the study area. The 
attributes were then scrubbed by omitting fields that were not in English and by changing 
the names of the fields with meaningful names that described their contents. 
4.5 Summary 
This chapter addressed the conceptual and logical data model, data sources, and data 
scrubbing and loading. The conceptual data model defined the different feature classes 
and tables used in the system and their relationship to one another. The logical data 
model described the attribute fields for each feature class and table, and defined the fields 
that were used to relate every two entities to each other. The data sources addressed 
where the data were obtained from. The major work addressed in this chapter was data 
scrubbing and loading. It took a lot of time because it involved converting the data from a 
PDF file into Microsoft Excel, and then moving them to ArcMap as shapefiles before 
they were ready to be load into the geodatabase.
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Chapter 5  – Implementation 
This chapter discusses the implementation of the geodatabase and the analyses that were 
conducted on the data. The tools and methods that were used to conduct the analyses are 
also addressed. The developed geodatabase would help the Defense POW/MIA 
Accounting Agency (DPAA) to more efficiently compare the Royal Australian Air Force 
(RAAF) survey data with other datasets and records by combining them in ArcMap. 
5.1 Royal Australian Air Force Geodatabase 
The geodatabase for RAAF survey data was produced using ArcCatalog. The process 
involved creating the file geodatabase, then creating each of the feature classes and non-
spatial tables individually. After all the feature classes and non-spatial tables were 
created, the relationships between them were created (Figure 5-1). 
 
 
Figure 5-1: RAAF Geodatabase. 
Following the creation of the geodatabase, the data that were moved from the PDF file 
into ArcMap were loaded into the Aircraft Locations feature class using the Simple Data 
Loader in ArcCatalog (Figure 5-2). 
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Figure 5-2: Data Loading. 
The same method was used to load the data into the Area feature class and the table 
Aircraft General Information. The data in the Country of Origin table and Historical 
Maps were entered during an edit session in ArcMap. In the Country of Origin table, the 
field Country contains the country name for each military force acronym that exists in the 
data. 
The Country of Origin table was created to meet the client’s requirement to show the 
aircraft wreckage by country of origin. To accomplish this, the Country field was joined 
into the Aircraft Locations feature class and it was used to symbolize the data. The 
feature class was then saved as a layer file to retain the symbolized data. Figure 5-3 
shows the data symbolized based on the country of origin. 
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Figure 5-3: Symbolized Data Based on Country of Origin. 
Another layer file was created to show the aircraft locations with symbols based on the 
US designation code (Figure 5-4). The designation code is used to identify the aircraft 
type or purpose. It identifies whether an aircraft was a fighter, bomber, transporter, or 
used for other purposes. 
 
 
Figure 5-4: Symbolized Data Based on US Designation Code. 
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5.2 Spatial Statistical Analyses 
For spatial analyses, the data needed to be projected to an appropriate coordinate system 
that preserves distance and area to have reliable results; the Papua New Guinea Map Grid 
1994 (PNGMG94) was used. Since the study area was large and the data were spread 
across three different Universal Transverse Mercator (UTM) zones, zone 55 was chosen 
because it covers most of the aircraft wreckage locations. Even though UTM is a 
conformal projection that preserves angles and distorts distance and area, the distortion 
for this data is minimal because the study area is very close to the equator. The data were 
projected by using the geoprocessing tool Project (Figure 5-5). 
 
 
Figure 5-5: Project Tool. 
Within the tool’s window, the targeted feature classes—the Aircraft Locations and the 
Area—were selected as the input data and the output feature classes were set to be saved 
in a new file geodatabase created to contain the projected data. The purpose of this 
geodatabase was to use it for analyses and map production work, while leaving the 
original file geodatabase intact. 
A variety of spatial statistical analyses were conducted on the data. Each analysis 
answers a question about the aircraft crash sites that are located on land. The first analysis 
provides information about the number of aircraft crashes in each province. The second 
analysis communicates which provinces have the highest number of crashes per square 
kilometer. The last analysis shows where US aircraft crashes are clustered in some of the 
provinces. 
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5.2.1 Number of Crashes Per Province 
To spatially calculate the number of the aircraft crashes per province, two steps had to be 
taken. First, the Area feature class’s features represented the cities of the study area so 
they needed to be dissolved into province areas. The attributes contained province data 
which made it an easy task. Using the Dissolve geoprocessing tool, a feature class 
representing the province areas was created (Figure 5-6). 
 
 
Figure 5-6: Dissolve Tool. 
The tool takes the data and aggregates the features based on the specified attributes, 
which was in this case the province field. The result of this process (Figure 5-7) allows 
using the province areas to calculate the number of aircraft per province. 
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Figure 5-7: Dissolve Area Result. 
 The Spatial Join geoprocessing tool was used to calculate the number of aircraft 
crashes for each province area by joining the Aircraft Locations features to the Province 
Areas features. The result of this process was a polygon feature class that contained the 
attributes from the Province Areas feature class with a new field named “Crash_Count” 
that included the number of joined features representing the number of crashes in each 
province (Figure 5-8). 
 
 
Figure 5-8: Spatial Join Result. 
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The “Crash_Count” field was then used to symbolize the Province Areas features. A 
gradient color was used to visually show which province has the highest number of 
crashes by giving it the darkest color. A table was added to the Number of Crashes Per 
Province Map to show the number of crashes in each province (Figure 5-9). 
 
 
Figure 5-9: Number of Crashes Per Province Map 
5.2.2 Most Concentrated Provinces with Crashes 
The five most concentrated provinces from the previous result were selected from the 
attribute table using their names (Figure 5-10). The selected provinces were then 
exported as a new layer and symbolized gradually based on the number of crashes. The 
number of crashes for each country was calculated in two steps. First, using Query 
Builder to only show the targeted country data (Figure 5-11). Second, Select By Location 
to select the crashes in the targeted province, which can be done by selecting the province 
first and then selecting the crashes that intersect with the selected province (Figure 5-12). 
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Figure 5-10: Most Concentrated Provinces Selection. 
 
Figure 5-11: Query Builder. 
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Figure 5-12: Select By Location. 
The number of crashes for each country and the province names were imported to Excel 
to represent them in a bar chart. The bar chart was then brought to ArcMap and a map 
that shows statistical information about the five most concentrated provinces was 
produced (Figure 5-13). 
36 
 
Figure 5-13: Most Concentrated Provinces with Crashes. 
5.2.3 Number of Crashes Per Square Kilometer 
Dividing the number of crashes by the area gives a normalized value that indicates the 
number of crashes per areal unit. In this analysis, the areal unit used was square 
kilometers because the study area was relatively large. To establish the work on the 
normalized values, the area in square meters for each province needed to be converted. A 
field named “Area_km2” was added into the attributes of the 
“Province_Areas_SpatialJoin” feature class to calculate the area in square kilometers. 
Calculate Geometry was used to calculate the area in square kilometers (Figure 5-14). 
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Figure 5-14: Calculate Geometry. 
After calculating the area in square kilometers, another field was added to contain the 
normalized values. Using Field Calculator, the normalized values were calculated by 
dividing the “Crash_Count” field by the “Area_km2” field (Figure 5-15). 
 
 
Figure 5-15: Field Calculator. 
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This new field containing the normalized values was used to symbolize the data to show 
which provinces had the highest number of crashes per square kilometer (Figure 5-16). 
 
 
Figure 5-16: Number of Crashes Per Square Kilometer Map. 
5.2.4 Point Density Analysis 
The aircraft locations were distributed all over the study area. However, many of them 
were clustered in different parts of the study area. To visualize the clustered areas, the 
Point Density tool was used (Figure 5-17). 
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Figure 5-17: Point Density Tool. 
The radius was set to 10000 meters because search and recovery missions cover about 5 
to 10 kilometers in one area and so it was intended to visualize the clustering of the data 
in such a radius. The result of the Point Density tool shows the highly clustered areas in 
orange. Each of these areas is about 10 square kilometers (Figure 5-18). 
 
 
Figure 5-18: Point Density Analysis Result. 
Aircraft Per km2 
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5.3 Map Series 
The client required a map series to be produced for the aircraft crash sites. Some issues 
needed to be addressed before producing the maps: the scale, page size, base map, and 
map elements. The scale for the maps was set to 1:1,000,000 so it matched the scale of 
the historical maps the client provided. To decide on the page size, two aspects were 
considered. One was that the study area was large and the page needed to be large enough 
so that the map series covered the study area with a minimal number of pages. Second, 
the page needed to be small enough so it could be used in the field while searching for 
aircraft wreckage. Therefore, a page size of 27 x 22 inches was chosen to serve the 
addressed aspects. The client needed maps showing basic terrain and major rivers, so a 
topographic base map was used in the series. Deciding on the elements that go in the map 
layout did not take much time. However, deciding on the place for each one needed to be 
examined. Thus, all the elements— title, scale in text, scale bars, legend, coordinate 
system and projection information, north arrow, map index, and the producer info—were 
added to the map and after several placements a decision on the design was made (Figure 
5-19). 
 
 
Figure 5-19: Map Layout. 
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 Once the map template was designed, the map series could be produced. The aircraft 
crash locations (points) data were added into the map and the labels that show the serial 
number of each point were turned on. Yet there was a problem of having too many labels 
overlapping each other because the points in many locations were too close to each other 
in 1:1,000,000 scale, and in many other locations there were overlapped points (Figure 5-
20). 
 
 
Figure 5-20: Overlapped Labels. 
To solve this problem, all the available options within the Label Engine and the Maplex 
Label Engine were used, yet the problem was not easy to solve. One method used was the 
leader lines (Figure 5-21). 
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Figure 5-21: Leader Lines 
Therefore, it was decided to produce three map series: all crash locations, single crash 
locations, and multiple crash locations. The first series would show all arircraft crash 
locations without the point serial number labels, differentiating the multiple crash 
locations by giving them a squared symbol instead of circular. It also showed labels of 
the number of overlapped aircraft in each crash location. The second series would show 
single aircraft crash locations with labels, and the third would show multiple aircraft 
locations (Figure 5-22). 
 
 
Figure 5-22: Three Map Series. 
Automated map production required the use of two tools: the Grid Index Features 
geoprocessing tool and the Data Driven Pages tool. The Grid Index Features tool was 
used to create indexes of the extent of the aircraft locations data (Figure 5-23). 
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Figure 5-23: Grid Index Features Tool. 
The extent of each of these indexes was used to produce a map by using the Data Driven 
Pages tool, which defines the indexes that were created using Grid Index Features tool as 
pages and uses the single layout that was designed for all the maps (Figure 5-24). 
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Figure 5-24: Data Driven Pages. 
Once the pages were defined, each of the single and all aircraft crash locations series 
were exported using the defined pages, which allowed exporting all the maps together for 
each series. However, it could not be used to export the maps in the multiple aircraft 
crash locations all at once because there was another problem of having overlapped 
labels. Consequently, the labels had to be manually typed for each point in the layout and 
each map extent was exported individually. A sample map from the map series is shown 
here and the rest are saved in the DVD acompaning this report because the scale of the 
maps is designed for a larger page size. (Figure 5-25). A clip at full size is shown in 
Figure 5-26. 
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Figure 5-25: Aircraft Locations Map. 
 
Figure 5-26: Location Map Clip at Full Size. 
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5.4 Summary 
Chapter Five addressed the implementation of the database and the data loading method. 
It explained visualizing the aircraft locations according to the client’s needs, which were 
categorized based on the country of origin and the US designation code. The analyses 
that were conducted on the data and the tools used were explained, as well. The map 
production and the difficulties encountered in producing them were also addressed. 
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Chapter 6  – Results and Analysis 
This chapter describes the results and analysis for this project. There are four major 
components’ results addressed and discussed in this chapter. The first component is the 
geodatabase. The second component is the interactive map. The third component is the 
analytical maps. The fourth component is the map series. Each component is addressed 
and analyzed to gauge its contribution to this project. 
6.1 Royal Australian Air Force Geodatabase 
The main purpose of this project was to convert the historical data from a PDF file to a 
format that allows data visualization and manipulation, as well as to have them stored in 
one container, a geodatabase, for faster retrieval of the data. The geodatabase was 
successfully designed and built to meet the client’s requirements. The client can now 
perform different inquiries on the data such as automatically searching by attributes and 
viewing related information because all the tables in the geodatabase are connected to 
each other. This solved a problem the client had, which was searching over many pages, 
sometimes different documents, to find related information. 
Not only was the database designed to hold the Royal Australian Air Force (RAAF) 
survey data, but it also was designed to use its schema to hold similar datasets. The 
database was normalized to ensure the consistency of the data and to avoid data 
duplication. This was accomplished by creating separate tables for data that are shared by 
many objects in other tables and by associating them by relationships. For example, 
instead of adding a field in the Aircraft Locations’ table for the historical maps and 
adding each historical map multiple times for each related object, a table holding all the 
historical maps was created and related to the Aircraft Locations’ table using a common 
field. The database was tested and it performed as expected to serve the client’s needs. 
6.2 Interactive Map 
Integrating the RAAF’s data into ArcGIS Desktop format allowed the client to view the 
data in ArcMap. The client was able to view the aircraft wreckage locations in an 
interactive map and categorize them by country of origin, as well as categorize them by 
US designation code (Figure 5-3 and 5-4). The ability to categorize them based on the 
country of origin allowed the user to quickly distinguish United States aircraft from other 
countries’ aircraft. The user was also able to view the aircraft wreckage of only one 
country without the others being plotted on the map, which made it easier to exclusively 
conduct analyses on US aircraft (Section 6.3.3). 
Moreover, having this data used in ArcMap, the client became able to add other 
aircraft wreckage datasets in the future, and visually compare them. The geoprocessing 
tools within ArcMap allowed performing different analyses on the data, which were not 
available when the data were in the PDF file. This offered a huge advantage to benefit 
from these data. 
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6.3 Analytical Maps 
Some analyses were conducted on the data to aid the employees at the Defense 
POW/MIA Accounting Agency (DPAA) do the planning of search and recovery missions 
more efficiently. Each analysis result answers a unique question. How many crashes per 
province? How many crashes per square kilometer in each province? Where are the areas 
concentrated with US aircraft wreckage? 
6.3.1 Number of Crashes Per Province Map 
As addressed in Chapter 5, the Spatial Join tool was used to calculate the number of 
aircraft in each province. Then, the province areas were symbolized based on the field 
resulting from that join. A choropleth map was created to show the relative numbers of 
aircraft crashes in each province, and a table with the actual numbers was added to the 
map (Figure 6-1). 
 
 
Figure 6-1: Number of Crashes Per Province. 
This map gives a high value for the provinces with a high number of crashes on land by 
giving them dark colors and low value for the provinces with a low number of crashes on 
land by giving them light colors. It also provides the number of crashes in each province. 
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While this information was useful in general, it was not in this specific case because the 
analysis did not take into consideration the size of each province. This may lead the map 
user to think that the chances of finding aircraft wreckage in provinces with high values 
is greater. To solve this issue, another analysis was conducted to give each province its 
value while taking the area into consideration (Section 6.3.2). 
6.3.2 Most Concentrated Provinces with Crashes Map 
This map provides statistical data about the aircraft crashes count for each country in the 
five most concentrated provinces (Figure 6-2). The outcome from this map can help the 
Defense POW/MIA Accounting Agency (DPAA) to know how many aircraft wreckages 
belong to the United States and how many to the other countries in each province. The 
DPAA could use this information to decide on collaborating with other countries to 
search and find aircraft wreckage. 
 
 
Figure 6-2: Most Concentrated Provinces with Crashes Map. 
6.3.3 Number of Crashes Per Square Kilometer Map 
This analysis solved the issue that may have been caused by the Number of Crashes Per 
Province analysis. The map in Figure 6-3 shows the number of aircraft per square 
kilometer. 
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Figure 6-3: Number of Crashes Per Square Kilometer. 
The number of crashes for each province was normalized by the province area which 
provided the number of crashes per square kilometer. Now a small province with fewer 
crashes may have a higher value than a larger province with more crashes. For example, 
the province Manus had a lower value than the province Papua in the first analysis, but it 
has a higher value in the second analysis. This approach provides a better result that can 
increase the chances of finding aircraft wrecks. 
Even though the Number of Crashes Per Square Kilometer Map provided better 
information that can increase the likelihood of finding wrecks than the Number of 
Crashes Per Province Map, neither provided information about a specific search area in 
each province. Therefore, a density analysis for the wreckage locations was conducted to 
show specific areas of concentrations. 
6.3.4 Point Density Analysis Map 
The use of the Point Density tool was necessary to show the concentrated areas with 
aircraft crashes in each province. Showing the concentrated areas helps the client to 
decide on the search area for the search and recovery missions. The points in the data 
represented the crashes locations at sea and on land for all the participating countries. For 
this analysis, the data were filtered to only represent the US on land aircraft crashes to 
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comply with the client interest. The concentrated areas with aircraft crashes are shown in 
Figure 6-4. 
 
 
Figure 6-4: Point Density Analysis Map. 
The concentrated areas of the US on land aircraft crashes are in 6 provinces: East New 
Britain, Central, Morobe, Madang, East Sepik, and Irian Jaya Barat. The concentrated 
areas are represented by orange color. The radius for each concentrated area was set to 10 
square kilometers, which approximates a standard search area for the client. The result 
showed which parts of the provinces are crowded with crashes and that was better than 
the previous analysis which only indicated the concentrated provinces. Now, not only can 
the client decide on the province destination, but also on a specific area within each 
province. 
6.4 Map Series 
There were three map series produced for the data. All the map series showed the data on 
a topographic base map to help the client in the field work. The topographic base map 
provides terrain and river information. This information can help the map user to predict 
wrecks’ locations. For example, if a crash site was shown to be at a mountain ridge, the 
user can assume that the aircraft shattered downhill and so the searchers should search for 
the wrecks downhill. 
Each of the map series shows all countries’ aircraft. However, one series exclusively 
shows single aircraft locations with labels that show the points serial numbers. The 
second series shows multiple aircraft locations with labels that show the points serial 
numbers. The third series shows single and multiple aircraft locations without the points’ 
serial numbers, but it shows labels indicating the number of aircraft in each multiple 
aircraft location. These maps are helpful to the client because they represent the aircraft 
crash locations by the aircraft country of origin (Figure 6-5). 
Aircraft Per km2 
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Figure 6-5: Map Series Symbolized by Country of Origin. 
The client can rapidly know the aircraft belonging to the US without the trouble of going 
back to the attribute table to find out that piece of information. This map’s quality also 
visually shows the areas that are crowded by other countries’ aircraft as well as US 
aircraft to allow the client to know which areas to avoid and which areas to target. 
While these maps serve the client needs and requirements, smaller scale maps would 
have provided better information about the environment around the crash sites and would 
have helped the client more efficiently. 
6.5 Summary 
This chapter discussed each of this project’s results individually. The discussion of 
building the geodatabase addressed how the geodatabase solved the problem the DPAA 
had of not fully benefiting from the RAAF’s survey data because they were in a PDF file. 
The advantages of having an interactive map included how the interactive map helped to 
conduct analyses on the data. This was followed by a discussion of how the analytical 
maps might assist the client in the planning for recovery missions and how the map series 
might contribute in the field. 
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Chapter 7  – Conclusions and Future Work 
7.1 Conclusion 
The main goal of this project was to integrate the Royal Australian Air Force (RAAF) 
survey data into a geographic information system (GIS) so the Defense POW/MIA 
Accounting Agency (DPAA) employees can conduct analyses on them and compare the 
data to other datasets. The work involved building a geodatabase for the data. The 
geodatabase was designed in a way that ensures the consistency of the data, avoids data 
redundancy, and allows the client to use its schema for other similar datasets. By 
integration into a GIS, the functional requirements required by the client were met. The 
client can now: 
• Categorize the data to view the aircraft in ArcMap by country of origin and by 
the aircraft’s designation code. 
• Search automatically for records through the tables. 
• Search for records by their locations. 
• Add, delete, and edit the data. 
• Conduct analyses on the data. 
• Create maps 
Moreover, the client can add other datasets as different layers to visually compare them 
and to conduct analyses on them. 
 A variety of analyses were conducted on the data to help the client in the planning 
for search and recovery missions. The results of these analyses allow the client to 
minimize the time taken for planning for the search and recovery missions and so it 
would reduce costs. The map series produced will allow the user in the field to make 
better decisions about which specific areas the team should search for aircraft wrecks by 
providing terrain and river information. They also show the aircraft categorized by the 
country of origin which allows the client to focus on US aircraft crash locations and 
avoid other countries’ aircraft crash locations. 
 In conclusion, this project was the first step to have the Royal Australian Air Force 
survey data in a form that allows data manipulation and allows automation dealing with 
the data so the Defense POW/MIA Accounting Agency (DPAA) employees can use them 
efficiently to do their mission. 
7.2 Future Work 
Integrating RAAF survey data into ArcGIS was a milestone that opened up the horizon 
for many other future projects. An expanding work for this Major Individual Project 
could be integrating terrain data and creating an aspect layer to determine the directions 
of the slopes. Knowing the aircraft crash site, this would aid the searcher to predict the 
locations of the aircraft wrecks. 
Another extension to this project can be creating a mobile application. The Royal 
Australian Air Force geodatabase included descriptive information about the locations of 
the aircraft crash sites that can help the user to find the crash locations. Accessing the 
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geodatabase from the field can provide all the related data to the aircraft the user is 
searching for. 
Since this project included World War II aircraft crash location data from the RAAF 
survey, other datasets about aircraft crash locations from other forces could be acquired 
to conduct comparison analyses to study common locations. This could increase the 
chances of finding aircraft wreckage.
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